Human asialoglycoprotein receptor H1 and H2b subunits assemble into a hetero-oligomer that travels to the cell surface. The H2a variant on the other hand is a precursor of a cleaved soluble form that is secreted. Uncleaved H2a precursor molecules cannot exit the endoplasmic reticulum (ER), a lumenal juxtamembrane pentapeptide being responsible for their retention. Insertion of this pentapeptide into H1 (H1i5) causes its complete ER retention but not fast degradation as happens to H2a. Cotransfection of H2a elicited, by heterodimerization, the Golgi processing of H1i5 and its surface expression. This occurred to a much lesser extent by cotransfection of H2b. Likewise, coexpression of H1i5 and not H1 stabilized H2a and caused its export to the cell surface. Homodimerization of molecules containing the pentapeptide did not cancel the retention. Thus, only when the pentapeptide is present in both subunits is the ER retention efficiently abrogated. The results show the unexpected finding that identical ER retention signals present in two associated chains can mask and cancel each other's effect. This could have important implications as similar abrogation of ER retention of other proteins could eventually be obtained by engineering and coexpressing an associated protein containing the same retention signal.
Many proteins have been shown to undergo endoplasmic reticulum (ER) 1 retention and degradation (1, 2) . In numerous cases, the substrates are unassembled subunits of hetero-oligomeric receptors. Extensive studies have been performed with unassembled subunits of the human asialoglycoprotein receptor (ASGPR) (3) (4) (5) and with unassembled chains of the T cell antigen receptor (TCR) (6 -9) . It was found for some TCR subunits that domains responsible for the ER retention and degradation overlap with the determinants for assembly. For example, the ␣ subunit contains a charged 9-amino acid peptide in the membrane span that determines both the degradation and the assembly with CD3 ␦ (9) . The association between the chains is through charged pairs (10) . Similarly, CD3 subunits can protect the TCR ␤ chain from degradation. In this case, the transmembrane domain is also responsible but does not seem to be sufficient as replacement of the TCR ␤ chain ectodomain impeded that protection (7) . In the case of the hetero-oligomerization of ␣ and ␤ integrins, a juxtamembrane-charged peptide in the cytoplasmic domain of the ␣ subunit is responsible for both assembly and retention of the unassembled subunit (11) . Colocalization of determinants for ER degradation and assembly occurs also in soluble proteins as is the case of IgM monomers for which a carboxyl-terminal cysteine was identified as a signal for those processes (12) .
The ASGPR H2a polypeptide is different in the fact that no membrane-bound protein leaves the ER, when singly expressed or together with other subunits. In order to exit, it is cleaved to a fragment that encompasses the whole ectodomain. This soluble fragment can then be secreted (13) . The cleavage was shown to occur in the ER (5, 14) , probably by signal peptidase (15) . Membrane-bound H2a is thus a precursor of the soluble form, and uncleaved precursor molecules are retained in the ER and degraded.
In contrast to H2a, an alternatively spliced variant, H2b, was shown to travel to the cell surface to a significant extent, also when singly expressed (4) . The only difference between H2a and H2b is a juxtamembrane pentapeptide in the ectodomain, EGHRG. We showed that the H2a pentapeptide causes ER retention but not degradation when inserted into the H1 subunit in the same position (3) . Therefore, unlike other proteins in which the signals for ER retention and degradation seem to overlap, H2a must have a separate determinant for degradation. In HepG2 cells, it is H2b that constitutes with the H1 subunit the cell surface receptor complex while H2a is efficiently cleaved and its ectodomain secreted (13) . H1 and H2b form hetero-oligomers with an average molar relation of (H1) 3 :(H2b) 1 on the surface of HepG2 cells (16) , although the prevalent species seen in vitro is (H1) 2 :(H2b) 2 (17) . When H1 and H2b were coexpressed in NIH 3T3 cells, there was some protection from degradation, and a larger fraction of both subunits was processed through the Golgi than when singly expressed. Coexpression of H1 and H2a had no effect, H1 was processed to the same extent, and H2a degraded in the ER at the same rate as when singly expressed (13) .
We report here that H2a is efficiently protected from degradation and also induced to exit the ER, traverse the Golgi, and reach the cell surface by coexpression with a complementary H1 subunit in which we introduced in the same juxtamembrane position the pentapeptide retention signal from H2a. Likewise, the mutated H1, while completely retained in the ER when singly transfected, was exported when coexpressed with H2a. Thus, an ER retention signal can mask and cancel its own function when present in two subunits of a protein complex that can undergo hetero-oligomerization.
EXPERIMENTAL PROCEDURES

Materials-Rainbow
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‡ To whom correspondence should be addressed. (Beverly, MA) . N-Glycanase was obtained from Roche Molecular Biochemicals (Mannheim, Germany). Goat anti-rabbit and streptavidin-conjugated peroxidase were from Jackson Laboratories (West Grove, PA). Difluorodinitrobenzene (DFDNB) and sulfo-NHS-LC-biotin (sulfosuccinimidyl-6-(biotinamido)hexanoate) were from Pierce. Protease inhibitors and other common reagents were from Sigma.
Cell Lines and Culture-NIH 3T3 cells expressing H2a (2-18 cell line) or H2b (2-C cell line) were transfected with a pMEX-neo vector containing H1i5 (3) using a calcium phosphate transfection protocol (18) . As the cell lines were already resistant to G418, they were simultaneously cotransfected with a puromycin resistance plasmid pBabe-puro (19) . After selection with puromycin representative clones of these cells: 2-18-2, expressing H1i5 plus H2a and 2-C-2, expressing H1i5 plus H2b were grown in Dulbecco's modified Eagle's medium (DMEM) plus 10% calf serum under 5% CO 2 . Other 3T3 cell lines expressing H1 (1-7 cells), H2a (2-18 cells), H2b (2-C cells), H1 plus H2a (AH1-1 cells) (13) , and H1i5 (5-D cells) (3) were grown in the same conditions.
Antibodies-Polyclonal antibodies specific for peptides corresponding to the carboxyl termini of H1 or H2, H2 amino terminus, or specific for the extra H2a pentapeptide (anti-H2a antibody) were the ones used in earlier studies (4, 13) . For immunofluorescence, IgGs were purified from the antisera using protein A-Sepharose.
Metabolic Labeling and Immunoprecipitation-Monolayers of cells at a confluence of about 90% in 60-mm tissue culture dishes were rinsed and preincubated for 30 min at 37°C with cysteine-free DMEM plus 10% dialyzed calf serum. They were then pulse-labeled for 10 -20 min in the same medium containing 0.5 mCi/ml Pro-Mix mixture of [
35 S]cysteine and [
35 S]methionine with addition of 5 mM unlabeled methionine. The monolayers were then rinsed and chased for different periods of time with normal DMEM plus 10% fetal calf serum as described (3, 13) . The cells were rinsed with PBS and lysed with 1% Triton X-100 and 0.5% sodium deoxycholate in PBS in the presence of 2 mM phenylmethylsulfonyl fluoride, 5 g/ml aprotinin, and 5 g/ml leupeptin. Immunoprecipitations from cell lysates or supernatants (1.2 ml from 60-mm dishes) and endo H and N-glycanase treatments were performed as described before (3, 13) .
Cross-linking-Cell monolayers were incubated with 0.05-0.1 mM DFDNB in PBS for 60 min at 4°C with constant rocking. They were then incubated with 5 mM glycine in PBS for 5 min, washed three times in PBS, and solubilized in detergent for immunoprecipitation.
Gel Electrophoresis, Fluorography, and Quantitation-Reducing SDS-PAGE was performed on 12% Laemmli gels except where stated otherwise. For non-reducing conditions, the samples were boiled for 5 min in a buffer consisting of 62.5 mM Tris, pH 6.8, 2% SDS, 10% glycerol. For reducing conditions 3.5% ␤-mercaptoethanol was included in the buffer. The gels were analyzed by fluorography using 20% 2,5-diphenyloxazole and exposing to BioMax MR film from Eastman Kodak Co. Quantitation was performed in a Fuji phosphorimager.
Protein Transfer and Immunoblotting-Proteins were transferred to a nitrocellulose membrane. Blocking was done with 5% low fat milk and 0.1% Brij-35 in PBS for 2 h at room temperature. This was followed by incubation overnight at 4°C with the primary antibody. The blot was then washed three times in PBS containing 0.1% Brij-35 and incubated for 60 min at room temperature with goat anti-rabbit IgG conjugated to peroxidase. In the case that a biotinylated primary antibody was used, this was followed by incubation with streptavidin conjugated to peroxidase. The blots were washed with PBS, and detection was performed with ECL and exposure to Agfa CP-BU film.
Biotinylation of antibodies was done by incubating IgGs (purified on protein A-Sepharose) with sulfo-NHS-LC-biotin in 0.1 M sodium borate, pH 8.8, for 4 h at room temperature (IgG:sulfo-NHS-LC-biotin mass ratio 5:1), followed by addition of 20 mM NH 4 Cl for 10 min. The biotinylated antibodies were then dialyzed against PBS.
Immunofluorescence Microscopy-The procedures employed on nonpermeabilized cells were as described previously (3) . The secondary antibody used was indocarbocyanine (Cy3)-conjugated goat anti-rabbit IgG from Jackson Laboratories (West Grove, PA).
Photography on an Axioskop fluorescence microscope (Carl Zeiss Inc., Berlin, Germany) was done at identical exposure times between samples to be able to compare signal intensities.
RESULTS
H1 with an Insert of the H2a Pentapeptide (H1i5) Is Not
Golgi-processed When Singly Expressed, but It Is When Coexpressed with H2a-The 15 base pairs that encode the extra pentapeptide of human ASGPR H2a as compared with H2b were introduced into the same juxtamembrane position of the H1 subunit (Fig. 1A ). This construct, H1i5, was stably expressed in NIH 3T3 cells (3). We studied the expression and (4) it is very stable toward degradation (Fig. 1B) . We had shown that H1i5 folds properly so that the retention is not due to misfolding (3). Wild type H1 can self-assemble (17), so one possibility was that the ER retention of the mutant was due to its inability to homo-oligomerize. We reasoned that it could, however, still be able to assemble with the H2 subunit, so we doubly transfected the cells expressing H1i5 with H2a or H2b. In effect, the coexpression of H2a caused a substantial recovery of the ability of the H1i5 polypeptide to exit the ER and transit through the Golgi. After a 4-h chase, H1i5 was converted to a product of 46 kDa resistant to endo H (Fig. 1C, lanes 5 and 6) , similar to the one produced by wild type H1 (Fig. 1C, lane 11) . In contrast, coexpression with H2b elicited only minor Golgi processing of H1i5 (Fig. 2, A, lane 8; B) . Therefore, it is the specific association of H1i5 with H2a, both expressing the EGHRG pentapeptide, that leads to a circumvention of the retention signal.
Surface Expression of H1i5 upon Coexpression with H2-We analyzed whether there was any surface expression of H1i5 by immunofluorescence on non-permeabilized transfected NIH 3T3 cells. H1i5 gave no surface immunofluorescence. However, upon coexpression of H2a, the surface expression was similar to the one observed with wild type H1 (Fig. 3 ). H1i5 gave a minor level of surface expression when together with H2b, which is consistent with the results of the Golgi processing seen by metabolic labeling (Fig. 2) . Therefore, association of H1i5 with H2a and, to a much lesser extent, with H2b caused the abrogation of the retention signal and allowed it to transit through the entire secretory pathway to its final cell surface destination like wild type H1.
Secretion of Fragments Derived from H1i5 upon Coexpression with H2-H2a is cleaved in the ER next to the membrane span, probably by signal peptidase (15) . The cleaved fragment, corresponding to the entire ectodomain, is then secreted. This process occurs very efficiently in HepG2 cells but also to some degree in 3T3 transfectants (13) . When H1i5 was coexpressed with H2a, it gave a small amount of an intracellular cleaved fragment (Fig. 1C) . We analyzed whether there was any secreted product by metabolic labeling with [ 35 S]cysteine followed by chase. Cell supernatants were then immunoprecipitated using anti-H1-carboxyl-terminal antibody and the products run on SDS-PAGE. Singly expressed H1i5 gave no secreted products after a 4-h chase (Fig. 4, lanes 1 and 2) . No secretion could be seen either for shorter or longer chase periods, up to 8 h (data not shown). However, when coexpressed with H2a, several bands were seen concentrating around two regions, 30 kDa and 40 kDa (Fig. 4, lane 6 ). The latter would be similar to the migration of the secreted fragment from H2a (ϳ42 kDa; Ref. 13 ). This band is diffuse and seen weakly using the anti-H2 carboxyl-terminal antibody but is converted to a compact band of ϳ28 kDa after treatment with N-glycanase (Fig. 4, lane 8) . As with the H2a fragment, the secreted fragments from H1i5 were resistant to endo H, and had therefore been Golgi-processed (Fig. 4, lane 7) . Treatment with N-glycanase converted the H1i5 fragments to a major band at ϳ25 kDa and minor bands at 28 -30 kDa (Fig. 4, lane 5) . These sizes would correspond to most or all of the ectodomain. Coexpression of H1i5 with H2b led also to secretion of a major fragment of similar size but to a much lesser extent, which is only seen clearly after treatment with N-glycanase (Fig. 4, lane 3) . Therefore, the amounts of secreted fragments produced from H1i5 upon coexpression with the H2 subunits correlate with the ability of the membrane-bound form to exit the ER and reach the cell surface. However, wild type H1, which exits the ER, does not form a secreted fragment either when singly expressed ( Fig. 4, lane 11) or when coexpressed together with H2a or H2b (data not shown).
Coexpression of H1i5 Protects H2a and H2b from Degradation; H2a Can Then Transit through the Golgi and Reach the Cell Surface-As seen in Fig. 1C , H2a is protected from degradation by the presence of H1i5 (lanes 7 and 8 compared with lane 14) . The amount of secreted H2a fragment in the presence of H1i5 remained the same as in its absence (data not shown). Moreover, after a 4-h chase period, we could see a Golgi-processed form of H2a, resistant to endo H (Fig. 1C, lanes 7 and 8) , which is not seen when it is singly expressed (Fig. 1C, lane 14) . The extent of Golgi maturation of H2a is substantial (Fig. 5A) . Coexpression of H1i5 also led to a protection of H2b from degradation ( Fig. 2A, lane 9 compared with lane 12) , although this did not translate into a higher degree of Golgi processing of H2b (Fig. 5A) . The protection of H2b precursor by the presence of H1i5 was significant (Fig. 5A ), which suggests a high degree of association between the polypeptides. This is contrary to what we could have presumed because of the low effect of H2b on H1i5 processing (Fig. 2, A, lane 8, and B) . Wild type H1 allowed a higher degree of processing of H2b (Fig. 5A ). In contrast, by coexpression with wild type H1 there was very little protection of H2a (Fig. 5B , lane 7 compared with lane 9, and C). H1 did not elicit any Golgi processing of H2a either (Fig. 5B, lane 7) . Nevertheless, wild type H1 did seem to interact in some way with H2a as the coexpression allowed a higher degree of processing of H1 (Fig. 5B, lane 6 compared with lane  8) . The low effect of H1 on H2a together with the low effect of H2b on H1i5 suggests again that the presence of the EGHRG pentapeptide in both interacting subunits is crucial to mask the retention signal.
Singly expressed H2a does not reach the cell surface, contrary to H2b, as seen by immunofluorescence on non-permeabilized transfectants (Fig. 5D, panels a and b) (4) . Coexpression of H1i5 allowed surface expression of H2a (Fig. 5D, panel d) . H2a could also reach the cell surface but to a much lesser extent when coexpressed with wild type H1 (Fig. 5D, panel c) . The surface expression of H2a in the presence of wild type H1 in double transfectants must be negligible, as it could not be detected by surface biotinylation followed by immunoprecipitation, SDS-PAGE, and blotting with streptavidin-peroxidase, a technique that had clearly revealed cell surface H1 and H2b (13) . On the other hand, coexpression of H1i5 did not enhance the surface expression of H2b (Fig. 5D, panel e compared with  panel b) . Table I summarizes the effect of coexpression on the stability and exit from the ER of the polypeptides.
The Pattern of Folding of H1i5 Is Not Altered by Coexpression of H2a-Singly expressed H1i5 seemed to fold at the same rate and with the same intermediates as wild type H1, as judged by their migration on non-reducing gels and the resistance to reduction by in vivo treatment with DTT (3). This suggested that the ER retention was not due to misfolding but to a specific effect of the presence of the retention signal EGHRG. To confirm that the association of H1i5 with H2a does not lead to a change in its folding state, which in turn allows exit from the ER, we pulsed cells with [ 35 S]cysteine for 10 min followed by chases for several times, and then immunoprecipitation from cell lysates with anti-H1 carboxyl-terminal antibody. The immunoprecipitates were then treated with N-glycosidase F to eliminate the effect of the sugar chains on the migration and separated on non-reducing SDS-PAGE. A small shift was observed in the migration after the chase periods indicative of the folding process (Fig. 6, lanes 5 and 10) . More importantly, after a 5-min incubation of the cells with 5 mM DTT, during the pulse there was a large shift to a reduced form as occurs with wild type H1 (20) . In contrast, incubation with DTT after the chase period had very little effect on the migration as the tightly folded molecules protect buried S-S bonds from reduction (21) (Fig. 6, lanes 6 and 11) . Moreover, the rate of folding and the bands and shifts obtained at the different times were identical when H1i5 was singly expressed or together with H2a. This result suggests that the abrogation of the effect of the H2a pentapeptide on ER retention is caused by a specific association of the subunits containing it and a steric masking of the signal and not an effect on the general folding state of the molecules.
Association of H1i5 and H2a in Homodimers and Heterodimers-We analyzed if cells singly expressing H2a or H2b
form homodimers by SDS-PAGE in non-reducing conditions followed by Western blot. Significant levels of H2b dimers could be seen only in non-reducing conditions, indicating that they are disulfide-bonded (Fig. 7A, lanes 3 and 4) . In contrast, there were very low, but detectable amounts of H2a dimers indicating that the extra pentapeptide affects the self-assembly (Fig. 7A, lanes 1 and 2) . To analyze directly the association of H1i5 with H2a, we used a cross-linking approach. Cells were incubated in vivo with the membrane-permeable cross-linker DFDNB, and cell lysates were then immunoprecipitated with anti-H1 or anti-H2 antibodies followed by blot with anti-H1. Even without cross-linker, a major portion of H1i5 monomers coimmunoprecipitated with H2a (Fig. 7B, lane 3) . When crosslinker was added, weak bands of dimers immunoprecipitated with anti-H2 could be observed (Fig. 7B, lane 7) , indicating an inefficient but specific cross-linking of H1i5/H2a heterodimers. No bands are seen in controls where lysates from cells expressing only H1i5 or H2a were immunoprecipitated with anti-H2 (Fig. 7B, lanes 1, 5, and 9) . Immunoprecipitation with anti-H1 showed bands corresponding to dimers in both cells expressing H1i5ϩH2a (Fig. 7B, lane 6 ) or H1i5 alone (Fig. 7B, lane 4) . This result indicates that H1i5 is also able to self-assemble in homodimers. Nevertheless, these homodimers are not capable of exiting the ER.
The main association linking H1/H2b hetero-oligomers is through ␣-helical coiled-coils (17) . We ran the sequences of H1i5 and H2a through a prediction program to analyze their theoretical ability to form coiled-coils. Both H1i5 and H2a retain a significant propensity for the formation of coiled-coils (Fig. 7C ) compared with H1 and H2b. Moreover, the EGHRG pentapeptide causes a small shift in the position of the coiledcoils respect to the transmembrane segment (Fig. 7C, solid  line) . Therefore, alignment is only obtained when both H1 and H2 species contain the pentapeptide. This can explain why only 1-7 and 11) or with anti-H2 carboxyl-terminal antibody (lanes 8 -10) . Some samples were then treated with N-glycanase and others with endo H as indicated. They were then analyzed by 12% SDS-PAGE, followed by fluorography.
when both subunits contain the pentapeptide there is a "correct" match that masks and abrogates the retention signal. However, this masking occurs only by hetero-and not by homodimerization.
DISCUSSION
Studies with many protein complexes that have the plasma membrane as a final destination seem to draw a common pathway by which assembly is required to preclude ER retention and degradation. When the subunits are expressed without their partners, they are usually retained in the ER, and in several cases degradation starts after a typical lag of about 30 -60 min. This lag would allow the nascent chains to find their partners in assembly and not to be degraded immediately even if they express a determinant for degradation. In the case of the ASGPR, after this lag the H2b subunit can escape degradation by leaving the ER while H2a is cleaved and its soluble ectodomain can leave the ER. Membrane-bound H2a cannot leave the ER when singly expressed or together with the other 1, 2, and 7) or for 5 min plus another 5 min in the presence of 5 mM DTT (lanes 3 and 8) and chased with complete medium for different times as indicated. For some dishes, the last 5 min of chase were in the presence of 5 mM DTT (lanes 6 and 11). Cells were then incubated with 0.1 M iodoacetamide for 5 min at 4°C. Cell lysates were immunoprecipitated with anti-H1 carboxyl-terminal antibodies. Immunoprecipitates were treated with N-glycanase and analyzed on non-reducing 10% SDS-PAGE, followed by fluorography. A portion of the sample in lane 9 was lost. Bands corresponding to "unfolded" species (sensitive to DTT reduction) and "folded" species (insensitive to DTT reduction) are indicated. subunits. Its role is only as a precursor of the soluble secreted form (13) . The insertion of the pentapeptide that differentiates H2a from H2b into the sequence of H1 caused its complete retention but not its degradation in the ER, indicating that it is a retention signal while the determinant for degradation lies elsewhere in the structure of H2a (3). The stability of the mutated H1 (H1i5) toward degradation resembles that of the TCR ␥, , and ⑀ subunits, which, when singly expressed, are retained in the ER but are stable toward degradation (22) . Moreover, when the CD3 chains were coexpressed with TCR ␣ and ␤ chains, the latter were protected from degradation (6) much in the same way as H1i5 protects H2a and H2b (Fig. 5A) .
As the TCR is composed of several subunits, the association of a CD3 chain with an ␣ or ␤ chain was not sufficient for its exit from the ER. The ASGPR is composed of only two subunits, H1 and H2, and consequently H1i5 not only stabilized H2a but also allowed its exit from the ER. Likewise, the presence of H2a allowed the exit from the ER of H1i5 (Fig. 1C , Table I ).
In several cases, hetero-oligomerization is essential for exit from the ER. For example in the case of CD8 ␤, even if it was shown to homo-oligomerize to some extent it was retained in the ER except when coexpressed with CD8 ␣ (23). In the same way, singly expressed H1i5 or H2a cannot exit the ER even if H1i5 can form homodimers when singly expressed, as can H2a, although to a much lesser extent (Fig. 7 ) (H2a homodimers are initially formed and then degrade; Ref. 24 ). H2a and H1i5 contain the charged pentapeptide retention signal, EGHRG, that is masked upon hetero-oligomerization, which could be equated to the formation of charged pairs between TCR chains (10) . Nevertheless, the masking of the charged peptide does not occur during homo-oligomerization in cells expressing single subunits; the specific association between H1 and H2 domains is needed for the exit from the ER and for the protection of H2a from degradation. In other proteins that naturally form homooligomers, self-assembly can mask a retention signal leading to exit from the ER, as is the case for the secretion of acetylcholinesterase oligomers and not monomers (25) or the exclusive cell surface expression of dimers of lactase-phlorizin hydrolase (26) .
When H1i5 was coexpressed with H2b, the latter was significantly protected from degradation although its Golgi processing was not increased (Figs. 2A and 5A ). The effect of H2b on H1i5 was minimal (Fig. 2, A and B) , suggesting that H2b associates transiently with H1i5, being then released. A similar case was described for a recombinant ␤2 microglobulin that had a carboxyl-terminal KDEL retention signal added. The mutated microglobulin was stable toward degradation but retained in the ER, even though it associated with class I major histocompatibility complex and protected it from degradation and promoted assembly and export from the ER of the latter (27) . On the other hand, wild type H1 associates with H2b and the complex can exit the ER, leading to a more efficient Golgi processing of H2b. The significant effect of H1i5 on protecting H2b precursor from degradation also suggests a high degree of association between these subunits. Therefore, the low effect of H2b on H1i5 (Fig. 2A, lane 8) is not due to an incapability of the polypeptides to associate; instead, it highlights the fact that assembly is not sufficient and that the EGHRG pentapeptide must be present on both subunits to allow H1i5 to efficiently exit the ER. The same is true when wild type H1 is expressed together with H2a. H1 is processed more efficiently upon coexpression, while its presence has almost no visible effect on H2a processing and survival (Fig. 5B, Table I ). This is the most intriguing finding, that the same pentapeptide signal must be present in both interacting polypeptides to cancel its own retention function. This might be accomplished by a better "match" of the coiled-coils that cause the association of the subunits when the pentapeptide is present in both of them (Fig.   FIG. 7 . H1i5 and H2a can form homodimers and also associate in heterodimers, probably through ␣-helical coiled-coils. A, NIH 3T3 cells expressing H2a (lanes 1 and 2), H2b (lanes 3 and 4) . or untransfected were lysed and samples were boiled with sample buffer with or without 20 mM DTT as indicated. 100 mM N-ethylmaleimide was then added to all samples before running on 9% SDS-PAGE. The gel was blotted and the blot reacted with anti-H2 amino-terminal antibody, followed by goat anti-rabbit-peroxidase and developed by ECL. B, NIH 3T3 cells expressing H1i5 (lanes 1, 4, and 5 ), H1i5 plus H2a (lanes 2, 3, 6, and 7) , or H2a (lanes 8 and 9) were incubated in the absence (lanes 1-3) or presence (lanes 4 -9) of DFDNB for 1 h at 4°C. Cell lysates were immunoprecipitated with anti-H1 or anti-H2 carboxyl-terminal antibodies as indicated, run on 8% SDS-PAGE, and then blotted. The blot was reacted with biotinylated anti-H1 antibody followed by streptavidin-peroxidase and developed by ECL. C, prediction of domains with propensity for ␣-helical coiled-coil formation. The Coils prediction program (available via the World Wide Web) was used (35) . H1 or H2 species containing the EGHRG pentapeptide are plotted with a solid line, and those not containing it with a dashed line. The x axis indicates amino acid residue number, while the y axis is in arbitrary units. Upper and lower panels were purposely shifted to align H1 and H2 transmembrane segments (TM).
7C). The results show that the masking is specific, unlike the reported nonspecific masking of a KKXX retention signal upon assembly of high affinity IgE receptor (28) . In that case, the steric masking of the cytoplasmic tail of the ␣ subunit (which contains the KKXX motif) by assembly with the ␥ subunit allowed exit from the ER. However, the same result was obtained when the cytoplasmic tail of the ␥ subunit was replaced with irrelevant sequences.
Association does not always lead to export from ER. It was reported that expression of an artificially ER-retained medialGolgi enzyme, N-acetylglucosaminyltransferase I resulted in the ER retention of an endogenous medial-Golgi enzyme, mannosidase II implying retention by oligomerization (29) . This is opposite to what is seen in our system where an artificially ER-retained protein, H1i5, not only does not retain H2b, but when it recognizes another retained protein, H2a, it is exported from the ER by masking of the retention signal. The effect of H2a and H1i5 on each other's export from the ER seems to be by specific assembly and steric masking of the retention signal and not by an alteration of their folding (Fig. 6) . However, we cannot discard the possibility that the masking of the signal is accomplished by small changes in the conformation in the region of the EGHRG pentapeptide, which is predicted to be in a ␤ turn (4). These small conformational changes might not be detected in our folding assay.
When H1i5 is coexpressed with H2a, it can be cleaved producing secreted fragments (Fig. 4) . This also occurs, but to a lesser extent when it is coexpressed with H2b. Thus, H1i5 contains a cleavage site and can potentially be cleaved, but it is not when it is singly expressed. The association with H2 must expose the cleavage site. In contrast, H2a can be cleaved also when singly expressed (4). The H2a pentapeptide actually seems to hinder its association with wild type H1 so coexpression of H1 has no effect on the stability of H2a (Fig. 5) or on its cleavage and secretion. In HepG2 cells, the hindering of the association of endogenously expressed H1 and H2a might be useful in preventing interference in the formation of the membrane receptor complex, which includes H1 and H2b. In those cells the fate of H2a is rapid cleavage, probably by signal peptidase and secretion of its soluble ectodomain (13) . The change in the fate of H2a by coexpression with H1i5, namely its protection from degradation and routing through the Golgi to the cell surface poses a challenging implication: that, in other cases as well, ER retention could eventually be overcome by engineering an associated protein containing the same retention signal and coexpressing it. This might be especially useful in the case of ER retention and degradation of mutated proteins in genetic diseases (30 -32) . It could also be used in a strategy to prevent the ER retention of viral proteins, which is necessary for the normal viral life cycle, as is the case for the hepatitis C virus glycoproteins E1 and E2 (33, 34) .
